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of five species of Asarum (Aristolochiaceae) in Sichuan, China 
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The Asarum species are perennial herbs distributed in eastern Asia, 
Europe and North America. Up to the present, the investigations on the 
chromosome number and karyotype of Asarum species have been made for the 
species in North America (Maekawa & Ono 1965, Sugawara 1982, Soltis 1984), 
Europe (Biering et al. 1976) and Japan (Tanaka 1935, Ono 1960, Yuasa & Mae¬ 
kawa 1976, Sugawara 1981, 1985a), but there is no report on the chromosome 
number or the karyotype for Chinese species of Asarum. In southern China 
that is the center of distribution and differentiation of Asarum and its related 
genera, approximately 30 species have been known including a few species which 
also occur in Japan (Cheng & Yang 1983). The karyological investigation on 
Chinese species of Asarum seems to be useful not only for understanding the 
evolutionary trend of the chromosomes, but also for elucidating the relationship 
among the species of the genus. Recently, we have had a chance to investigate 
the chromosome numbers and karyotypes of five species of Asarum occurring 
in Sichuan Province, China, and have obtained some karyological informations 
that are considered to be important for discussing the relationship among the 
species of Asarum. In this paper, we report the results of karyological study 
on these five Chinese species of Asarum. 

Materials and methods Almost all of the plants examined in this study 
were collected from native habitats and a few plants were obtained from a 
botanical garden in China. They have been transplanted to the garden of Makino 
Herbarium (MAK), Tokyo Metropolitan University. The original sources and 
the number of individuals are shown in Tab. 1. Although there are some dif¬ 
ferent views on the systematic arrangement of these species and the delimita¬ 
tion of the genus Asarum sensu lato, we follow Cheng & Yang (1983) in this 
paper. 

* Makino Herbarium, Tokyo Metropolitan University, Fukazawa 2-1-1, Setagaya, Tokyo 158. 

** ^^^^^^^^^^^^^^^Toyonaka. Osaka 565. HT 
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Karyological analysis was made by the following procedure. Root tips were 
pretreated with 0.002 M 8-hydroxyquinoline solution for 4 hr at room temperature 
and fixed with 45% acetic acid for 25 min. After being macerated in a 1:2 
mixture of 45% acetic acid and IN hydrochloric acid for 25 sec at 60 C, the root 
tips were stained with 1% acetic orcein solution for over one night. Sub¬ 
sequently, they were squashed with the conventional method. 

The plants examined are now under cultivation and will be deposited in 
MAK as dried voucher specimens. 

Results The chromosome numbers and the karyotypes of these five species 
are described here for the first time. 

In Asaruni caudigerum Hance var. cardiophyllum (Franchet) C.Y. Cheng & 
C. S. Yang (Fig. 1A), the chromosome number was counted as 2n = 24 in somatic 
cells. The chromosomes of this species (Fig. 2A) were more or less symmetrical 
and gradually reduced in size, but four metacentric chromosomes (pairs no. 1 & 
no. 2) were slightly longer than the rest. In the karyogram were found ten 
submetacentric chromosomes (nos. 3, 7, 9-11). No SAT-chromosome was ob¬ 
served in a chromosomal complement of this species. 

Asarum pulchellum Hemsley was 2n = 24 in chromosome number (Fig. IB) 
and showed the symmetrical karyotype mainly composed of metacentric chromo¬ 
somes (Fig.2B). In the chromosomal complement, two small chromosomes (no. 
11) were easily distinguished from the other chromosomes by having a sub- 
telocentric centromere. In addition, six submetacentric chromosomes (nos. 4, 10 
& 12) were easily recognized. A secondary constriction was found near the 
proximal region of one arm in two metacentric chromosomes (no. 5) (see Fig. 
IB), although it is not always visible. 

In Asarum caudigerellum C.Y. Cheng & C. S. Yang (Fig. 1C), the chromo¬ 
some number was counted as 2n = 26 in somatic cells. The chromosomes of this 
species are as a whole smaller in size than those of the other species examined 
here. Unlike A. pulchellum and A. caudigerum var. cardiophyllum described 
above, a highly asymmetrical karyotype was observed in this species (Fig.2C), 
that is, the chromosomal complement was composed of two metacentric (no. 1), 
two submetacentric (no. 4) and twenty-two subtelo- to acrocentric chromosomes. 
Four acrocentric chromosomes (nos. 10 & 11) were always recognized with 
certainty in a chromosomal complement. 

Asarum maekawae Hara showed 2n = 26 chromosomes in somatic cells (Fig. 
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Fig. 1. Somatic metaphase chromosomes. A : Asarum caudigerum var. cardiophyllum 
(2n = 24). B: A. pulchellum (2n = 24) in which two small subtelocentric chromosomes 
are readily identified. C: A. caudigerellum (2n = 26) showing a highly asymmetrical 
karyotype. D: A. maeka-wae (2n = 26). E: A. delavayi (2n = 39). Arrows show the 
secondary constrictions or the SAT-chromosomes found obviously. All : X 1500. 
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Fig. 2. Serial arrangement of the somatic metaphase chromosomes. A : Asarum caudigerum 
var. cardiophyllum (2n = 24). B: A. pulchellum (2n=24). C: A. caudigerellum (2n = 26). 
D: A. maeka-wae (2n=24). E: A. delavayi (2n=39). Arrows show secondary constrictions. 
Bar : 5 ftm. 


ID). The karyotype of this species was represented by 10 pairs of metacentric 
chromosomes and three pairs of small subtelocentric ones (Fig. 2D). The two 
metacentric pairs (nos. 1 & 2) were somewhat longer than the rest. One of 
the three subtelocentric pairs (no. 11) had a satellite on each of the short arm. 
A secondary constriction was observed near the middle region of one arm in 
two metacentric chromosomes (see Fig. ID), but it was not always observed. 

In Asarum delavayi Franchet (Fig. IE), the chromosome number was 
counted as 2n = 39 in somatic cells in all three individuals obtained from different 
sources. This species may be triploid. The chromosomes of this species were 
gradually reduced in size, but five chromosomes were somewhat longer in length 
than the rest (Fig. 2E, nos. 1-5). In the karyogram, three small chromosomes 
(nos. 34, 35 & 36) were easily distinguished from the other chromosomes by 
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having a subtelocentric centromere and a satellite on each of the short arm. 
In a chromosomal complement were furthermore found six small subtelocentric 
chromosomes (nos. 31-33, 37-39), two of them having a very short arm. The 
other chromosomes were mostly metacentric. It is now uncertain whether the 
plant with the triploid chromosome number (2n = 39) is growing widely in wild 
habitat in China or not. 

Discussion Among the three species of subgenus Asarum examined here 
(see Tab. 1), Asarum pulchellum and A. caudigerum var. cardiophyllum are 
similar in having 2n = 24 chromosomes and a more or less symmetrical karyotype, 
although a slight difference is recognized between their chromosomal com¬ 
plements (see Figs. 2A & 2B). As reported in the previous paper (Sugawara 
1981), such a karyotype was also shown in A. leptophyllum Hayata occurring 
in southwestern part of Japan. Especially, A. caudigerum var. cardiophyllum 
is more similar to A. leptophyllum in karyotype than to A. pulchellum. 

Maekawa (1953) regarded A. pulchellum as being closely allied to A. 
epigynum Hayata and A. geophyllum Hemsley, and he placed them together in 
the genus Geotaenium segregated from Asarum. As already reported by Suga¬ 
wara (1982), A. epigynum has 2n=12 in chromosome number and a highly 
asymmetrical karyotype. On the other hand, A. pulchellum has 2n = 24 in 
chromosome number as presented here and a more or less symmetrical karyotype. 
Based on the difference of their karyotypes, the 2n = 24 chromosomes found in 
A. pulchellum is not considered to be derived from doubling of the 2n = 12 
chromosomes in A. epigynum, and thus the two species seem to be far related 
each other in karyological aspects. 

Although Asarum caudigerellum has the chromosome number 2n = 26 which 
is the same number as most of the species of the subgenus Asarum hitherto 
examined (excluding A. caudigerum var. cardiophyllum, A. leptophyllum and 
A. pulchellum, each of them having 2n = 24, and A. epigynum with 2n = 12), this 
species is remarkably distinct in having a peculiar karyotype mainly composed 
of subtelo- to acrocentric chromosomes. According to Cheng & Yang (1983), 
this species was considered to be allied with A. epigynum, and these two species 
were assigned to the same section within the subgenus Asarum (see Tab. 1). 
In this study, however, it is evident that the two species are remarkably dif¬ 
ferent each other in chromosome number and karyotype. 

Asaru?n maekawae and A. delavayi have been assigned to the sect. 
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Tab. 1. Materials, chromosome numbers, localities 
and number of individuals examined. 


Species 


Chromosome 
number (2n) 


Locality 15 


Subg. Asarum 
sect. Asarum 


Asarum caudigerum Hance var. 


cardiophyllum Cheng & Yang 

24 

Mt. Emei, alt. 1100 m (4) 

A. pulchellum Hemsley 

24 

Mt. Emei, alt. 1100 m (1) 



Mt. Jinfo, alt. 1600 m (1) 

sect. Brevituba 



A. caudigerellum Cheng & Yang 

26 

Mt. Emei, alt. 1800 m (2) 

Subg. Heterotropa 



sect. Heterotropa 



A. maekawae Hara 

26 

Mt. Emei, alt. 1550 m (3) 

A. delavayi Franchet 

39 

Mt. Emei, alt. 1100-1200 m (1) 

( = Heterotropa splendes F. 


Chengdu (1). 

Maek.) 


Wuhan Bot. Inst. (1). 


15 The number of individuals examined was put in parentheses. 


Heterotropa, subg. Heterotropa (see Tab. 1) (Cheng & Yang 1983, Hara 1984), 
although Maekawa (1982) had raised this section to the genus Heterotropa. Up 
to the present, it has been reported that all the species of this section so far 
examined have the same basic number x = 12 (Tanaka 1935, Ono 1960, Yuasa & 
Maekawa 1976, Sugawara 1981, 1985a). Nevertheless, the two species, A. 
maekawae (2n = 26) and A. delavayi (2n = 39), have a basic number x = 13, and 
thus they are clearly different in basic number from the other species of the sect. 
Heterotropa occurring in Japan. The basic number x = 13 of these two species 
is the same as those of the species of subg. Asarum occurring in Japan and 
North America as well as sect. Asiasarum, subg. Heterotropa in eastern Asia 
and sect. Hexastylis, subg. Heterotropa in eastern North America (Sugawara 
1981, 1982, Soltis 1984). However, their karyotypes can be regarded as being 
identical with those of the species of sects. Asiasarum and Hexastylis, especially 
by having three pairs of small subtelocentric chromosomes. Therefore, these 
two species may be regarded as having a close relationship with the species of 
sects. Asiasarum and Hexastylis rather than the species of sect. Heterotropa in 
karyological features. 
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%'O frlX A. pulchellum A b A A A. caudigerum var. cardio- 

phyllum 2n = 24 Tr, A. leptophyllum AH® LA l' 

tz 0 ttz, A. caudigerellum $t 2n = 26 Ar<D$MttZfc t Aj H'A 

i<^oti'fc 0 mm<o 
PvT-drAM ( Heierotropa ) <7)#fl|tT, L x = 12 A'&S i 

2 ft, A. maekawae (2n = 26) £ A. delavayi (2n = 39) 
it x = 13 *t?£> 0, A ) P P vTAAM ( Hexastylis ) ^7-^ 

(Asiflscrwm) AAAI'S L £>&*»§& h A ofc 0 


t»<kLtA^/yv -n'Ar 7 ij (zc>i'r 

$fc^c) Yasuhiro Asai & Tetsuo Koyama : Mariscus congestus (Cyperaceae) as 
a new adventive to Tokyo Bay 

a w<D&” —^Ait, rt 

A t* A * AA s % 0 O , JiCljtitTOJte't % S A L o M AEtfl-LAfJAi" A^ft 

1984)o H6ti^lAil#H:, CO 

05£i-*88£&#, 

attt&l*(SI4) A t 4 t a, §MMM* 

ir^ttfco A«|b|aL'AA, WfeM^i'ts: y A-9-f4o—; 

A&L £aM#§ 3 OT^£>&f Ll''JfMt? Mariscus 

congestus (Vahl) C. B. Clarke A^>2> L t LfcOt', ^ 7 AT 7 p 

fj\L, inl7fc<Ciilfc 0 

i^oi; 5 

I^iitSo ffiiiSSS 30-70 m, ®<, Tfif, Mlt^ 3 
^flEU-tSo fdlltl 4-6mm, fit 0 A" U§ < , ^0, 

3 - 4 (-6)j@, TU<m-3\mm<, iz&<D3-5fe&K.x.£ 0 wwn 

#»&£»«it2-70, fj±, (1-)5-12cm, T^#A&6 0 
SATO, m 2-3 cm lf@»lt3Ak A^cDftftAlt, EoS^AB&Ji 

MAvJv^O0$g&|fitAlg;TO£: fe5 0 'MjAfltt, ^^it l-4cm-C|)5o 'Miltfs 

3fcfrtp£t>, Jl£it 1-2 cm, flit 1.5- 
2 mm, ElOH^TOAWfe^AA^Jfil^feAlfrA', f£?gA 7-16 L£ 0 A 

H6©£SBAR|gffj&*»&*o AldiAAfs^t'MA^ 0, ft£AAJBft-t£ 0 Saw^-L, <L 
JMfTOA'fe^O, £3it 3-4 mm, 7-9*£OMD, 2»tSlSt 
Si&l'o SHAMW, =M.ft'k> 'O , ^Sit l-l^mm, |Ulofil' 0 ft&it 
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